Aquatic hyphomycetes are a diverse, polyphyletic group of asexually reproducing fungi involved in the decomposition of litter in freshwater ecosystems. Curvularia eragrostidis, C. verruculosa and Phragmocephala atra were identified from submerged wood collected from freshwater streams in Yunnan Province, Southwestern China. They were characterised based on morphology and LSU, ITS and SSU sequence data. Phylogenetic analysis of LSU sequences placed the isolates within the order Pleosporales. Curvularia eragrostidis and C. verruculosa are reported from freshwater habitats for the first time. An epitype is designated for Curvularia verruculosa. This is the first phylogenetic placement of the genus Phragmocephala in the family Melanommataceae in Dothideomycetes, providing new DNA sequence data. A new species, Phragmocephala garethjonesii is introduced based on DNA sequence data and morphology. Descriptions and illustrations are provided for the species with notes on their taxonomy and phylogeny.
Introduction
Aquatic hyphomycetes are a dominant and diverse group of asexual fungi involved in litter degradation in freshwater ecosystems (Goh & Hyde 1996a , Ho et al. 2001 , Cai et al. 2003 , Tsui & Hyde 2004 , Krauss et al. 2011 . These aquatic fungi are generally saprobes, however they can also be pathogens or symbionts (Wong et al. 1998) . Goh and Hyde (1996a) recognised four biological groups of freshwater hyphomycetes classified as the ingoldian, aeroaquatic, terrestrial-aquatic and submerged-aquatic species. Most of the species are adapted to living in aquatic habitats, and have specialised propagules for effective dispersal in water (Gulis et al. 2005) . Molecular phylogenetic data were used to indicate that some freshwater fungi evolved from terrestrial ancestors (Vijaykrishna et al. 2006) . Some of the species are exclusively adapted to the aquatic habitats (Wong et al. 1998) , while others are opportunistic saprobes or symbionts partially adapted to survival in water. Therefore, some fungi associated with aquatic ecosystems are also found in association with wide range of terrestrial plants, dead plant material and saprobes or within healthy tissues as endophytes. These species that are not specifically adapted to the freshwater environments can be secondary invaders on partially degraded woody and leaf litter.
The genus Curvularia Boedijn belongs in Pleosporaceae, Pleosporales, Dothideomycetes (Boedijn 1933 , Sivanesan 1987 , Hyde et al. 2013 ). The genus is typified by Curvularia lunata, which was originally reported from Saccharum officinarum from Java (Boedijn 1933) . The key morphological feature of the asexual morph are the ellipsoidal, barrel shaped or curved conidia with pale colour-hyaline apical cells having two or three central darkened cells, one of which is enlarged and contributes to the curvature (Shoemaker 1959 , Manamgoda et al. 2011 . The clarification of the generic boundaries of Curvularia and Bipolaris (Manamgoda et al. 2012a ) and subsequent phylogenetic reappraisals (Manamgoda et al. 2012b , 2015 , da Cunha et al. 2013 Madrid et al. 2014 , Tan et al. 2014 ) have contributed to considerable progress in the taxonomy of the genus. Although the species are generally known as plant pathogens, epiphytes, endophytes or saprobes on plant material, the genus has received attention comprising several species from clinical specimens from immune compromised patients (da Cunha et al. 2013 . In addition, species of Curvularia are also reported from air (Almaguer et al. 2013) , freshwater , wetlands (Monteiro et al. 2003) and marine (Dai et al. 2010) ecosystems.
The genus Phragmocephala E.W. Mason & S. Hughes is a hyphomycete genus with an undetermined phylogenetic placement (Mason & Hughes 1951 , Wijayawardene et al. 2012 . The genus is typified by the species Phragmocephala elliptica (basionym, Monotospora elliptica) known from dead herbaceous hosts (Mason & Hughes 1951 , Whitton et al. 2012 . Based on the similarities of conidiogenesis, Ellis (1959 Ellis ( , 1971 treated Phragmocephala as a synonym of Endophragmia. However, Hughes (1979) retained the genus for four species which were removed from Endophragmia. Phragmocephala is characterised by macronematous, mononematous, erect more or less straight conidiophores that are terminated by a single integrated holoblastic conidiogenous cell (Whitton et al. 2012) . The phragmo conidia are typically ellipsoidal, blastic, solitary, 3-6 septate, seceding with a portion of conidiogenous cell by rupture of the wall, immediately below the base of the conidium (Mason & Hughes 1951) . These detached conidia usually bear an irregular frill of the wall around the base derived from the lateral wall of the distal end of the conidiogenous cell (Holubová-Jechová et al. 1986 ). There are 14 species epithets in Index Fungorum (2015) . The two recent accounts of the genus the description of one novel species, Phragmocephala hughesii, from China (Wu & Zhuang 2005) , and the modern description of P. prolifera (Whitton et al. 2012) . However, no molecular data were provided in these descriptions.
There have been several studies on freshwater fungi in Yunnan Province, China (Ho et al. 2002 , Cai et al. 202, 2003 , Luo et al. 2004 ) and this is a continuation of this research. The aim of this paper is to determine the phylogenetic placement of Curvularia and Phragmocephala isolates from submerged wood material collected from freshwater habitats in Yunnan Province, China. Curvularia eragrostidis, C. verruculosa and Phragmocephala atra are identified based on morphological and molecular data. A new species Phragmocephala garethjonesii is described and illustrated and compared with other taxa.
Materials and methods

Isolation and morphology
Specimens of submerged decaying wood were collected from two streams of Cangshan Mountain, Yunnan, China during March to August 2014 and returned to the laboratory in plastic bags. The samples were incubated in plastic boxes lined with moistened tissue paper at room temperature for one week. The samples were processed and examined following the methods described by Taylor and Hyde (2003) . Morphological observations were made using a Motic SMZ 168 Series stereomicroscope and photographed by an OLYMPUS BX51 microscope-camera system. The fungal structures were measured using measurements Image-Pro-Expressc software.
Single spore isolations were made to obtain pure cultures (Chomnunti et al. 2014) . Masses of conidia were transferred to a drop of sterile water on a flamed microscope slide. A portion of this was taken and spread over a few square centimeters of a Petri-dish containing 2% water agar (WA) and then incubated at 25°C overnight. After 24 hours of incubation, the single germinating conidia were transferred to fresh PDA plates (Chomnunti et al. 2014) . Dry specimens are deposited at the herbaria of Kunming Institute of Botany, Chinese Academy of Sciences (HKAS). Pure cultures are deposited in Mae Fah Luang University Culture Collection (MFLUCC).
DNA extraction, PCR amplification and sequencing
Genomic DNA was extracted from fresh fungal mycelium grown on PDA at 25-27 °C. The EZ gene TM Fungal gDNA KIT (GD2416) was used to extract DNA according to the manufacturer's instructions. The gene regions of the large subunit of the nuclear ribosomal DNA (LSU), the internal transcribed spacers (ITS) and small subunit of the nuclear ribosomal DNA (SSU) were amplified using the primer pairs LROR/LR7, ITS5/ITS4, NS1/ NS4 (Vilgalys & Hester 1990 , White et al. 1990 , Rehner & Samuels 1994 , respectively. The PCR thermal cycles for ITS amplification were as follows: 95 °C for 3 mins, followed by 35 cycles of denaturation at 95 °C for 1 min, annealing at 53 °C for 30 seconds, elongation at 72 °C for 1 min. The PCR thermal cycle program for LSU was 95 °C for 3 min, followed by 35 cycles of 95 °C for 30 seconds, 50 °C for 40 seconds, 72 °C for 90 seconds. The SSU region was amplified in the conditions of 95 °C for 5 min, followed by 35 cycles at 95 °C for 30 seconds, 51 °C for 45 seconds, 72 °C for 90 seconds, and the final extension at 72 °C for 10 mins included for each condition of amplification.
PCR products were then purified using minicolumns, purification resin and buffer according to the manufacturer's protocols (Amersham product code: 27-9602-01). The sequencing reactions were carried out by Shanghai Sangon Biological Engineering Technology and Services Co., Shanghai, P.R. China.
Phylogenetic analysis and species recognition
Raw sequences were assembled with Sequencher 4.9 for Windows (Gene Codes Corp., Ann Arbor, Michigan). The consensus sequences were then initially aligned using MAFFTv.7 (http://mafft.cbrc.jp/alignment/server/) (Katoh & Standley 2013) and optimised manually when needed. An alignment of LSU sequences selected from Zhang et al. (2009) , Mugambi and Hundorf (2009) and Hyde et al. (2013) , within the order Pleosporales, Dothideomycetes was used to initially place the isolates in families. Phylogenetic reconstructions of individual gene-trees were performed using Maximum Likelihood (ML) and Maximum parsimony (MP) methods. ML gene-trees were estimated using the software RAxML 7.4.2 Black Box (Stamatakis et al. 2006 (Stamatakis et al. , 2008 in the CIPRES Science Gateway (Miller et al. 2010) and parsimony analysis in PAUP v. 4.0b10 (Swofford 2002 ) and substitution models were determined in MrModeltest v. 2.3 (Nylander 2004 ). The RAxML software accommodated the GTR model of nucleotide substitution with the additional options of modeling rate heterogeneity (Γ) and proportion invariable sites (I). PAUPv 4.0b10 was used to conduct maximum parsimony analyses. Trees were inferred using the heuristic search option with 1000 random sequence additions. Maxtrees were unlimited, branches of zero length were collapsed and all multiple parsimonious trees were saved.
Separate phylogenetic analyses were carried out with an alignment of ITS to illustrate the relative placement of the isolates of Curvularia within the genus. A set of sequences retrieved in BLAST search and a selected set of available updated ex-type isolates (Manamgoda et al. 2015) were included in the analysis. Notes are provided for the result of standard BLAST search of each of the gene regions used in the phylogenetic analysis. The phylogenetic analyses of each gene regions and similarity search coupled with the morphological characters were used to determine the species. All the new sequence data generated in this study are deposited in GenBank (Table 1) . Phylogenetic trees and data files were viewed in MEGA 5 (Tamura et al. 2011) , Treeview (Page 1996) and Fig tree v1.4 . The terminals of the trees (Fig 1, 2) were labeled with GenBank accessions, species and the isolates/culture collection codes as provided in GenBank. 
Results
Molecular phylogeny and species recognition
Four isolates of hyphomycetes obtained from the incubated specimens were primarily determined in the genera Curvularia and Phragmocephala based on morphology (Table 1 ). Molecular data of LSU, SSU and ITS gene regions and morphological characters were used to recognize the species and to describe novel taxon with a comparison with closely similar taxa. Placement of the four isolates within the order Pleosporales is determined based on a BLAST search of LSU sequences and the phylogenetic analysis. The LSU phylogenetic tree ( Fig. 1) for Curvularia included 73 isolates including the outgroup taxon. The parsimony analysis revealed that the alignment comprising 1292 total characters, 923 characters are constant, 104 variable characters are parsimony informative and 265 characters are parsimony informative. The morphologically identified Curvularia and Phragmocephala isolates were placed in the families Pleosporaceae and Melannomataceae, respectively, based on LSU phylogenetic placement (Fig. 1) . There is no similarity between Phragmocephala and known genera in Melannomataceae (Hyde et al. 2013) . The other genera Aposphaeria, Byssosphaeria, Herpotrichia and Melanoma grouped together in the family. The LSU sequences were not adequate to distinguish between the sister genus Bipolaris within the family Pleosporaceae. However, the high similarity of the LSU and ITS sequences, together with morphology, confirmed the identity of isolates in Curvularia. Species were determined in accordance with the comparison of highly similar ITS sequences with authentic strains available in GenBank and comparison of the morphological characters. The ITS phylogenetic tree (Fig. 2) for Curvularia included 48 isolates including the outgroup taxon. The parsimony analysis revealed that the alignment comprising 481 total characters, 366 characters are constant, 47 variable characters are parsimony informative and 68 characters are parsimony informative. The morphologically identified C. eragrostdis and C. verruculaosa grouped with similarly named sequences in the GenBank. The two isolates of Phragmocephala, which are morphologically distinct, were also determined to be distinct species according to the pairwise sequence comparison of LSU, SSU and ITS data. One species is confirmed to be Phragmocephala atra based on morphological comparison with the type protologue (Mason & Hughes 1951) and the second species is described as a new species, Phragmocephala garethjonesii which is introduced below. 
Taxonomy
In this section we provide modern descriptions and illustrations of Curvularia eragrostidis, C. verruculosa and Phragmocephala atra based on the strains collected in freshwater habitats. Notes are provided on the species recognition of each taxon using molecular data and morphology. Colonies on PDA superficial, effuse, scattered, dark brown, velvety. Hyphae smooth, subhyaline to brown, septate, branched. Conidiophores mononematous, macronematous, septate, unbranched, erect, sometimes geniculate near the apex, thickwalled, pale to median brown, 9-12-septate, 250-360 μm (x=302.5 μm, SD=55 μm, n=10) long, 5.5-6.5 μm (x=6 μm, SD=0.5 μm, n=10) wide. Conidiogenous cells polytretic, terminal or intercalary, sympodial, light to median brown, with cicatrized pores. Conidia ellipsoidal or barrel shaped, 3-distoseptate, the middle septum appearing as a thick black band, central cells brown to dark brown, end cells pale, verruculose, slightly constricted at basal and apical septa, 17-22 μm (x=19.5 μm, SD=2.5μm, n=45) long, 10-13 μm (x=11.5 μm, SD=1.5μm, n=45) wide, rounded at the apex and base. Notes: Based on a megablast search of GenBank, the closest hits for the ITS sequences are Cochliobolus eragrostidis strain NBRC 32567 (GenBank JN943449; Identities = 501/501(100%), Curvularia sp. 114SO/R (GenBank GQ407103; Identities = 501/501(100%) and Curvularia eragrostidis isolate ZJ10 (GenBank KJ572133; Identities = 501/501(100%). The characteristic morphological feature of this species is the dark brown to black central septum of the conidia, appearing as a thick band. The sexual morph of C. eragrostodis was obtained by Tsuda and Uyama (1985) , by pairing compatible conidial isolates in Sach's agar medium containing rice straw. The asci are bitunicate, cylindrical with a short stalk and ascospores are filiform or flagelliform, parallel to loosely coiled in the asci (Sivanesan 1987 ). The sequence data from an isolate of Curvularia eragrostidis 95/1857a, identified by J.L. Alcorn cited in Goh and Hyde (1998) , are used here as reference sequences for this taxon or until an epitype is designated in future studies. The dry culture specimen BRIP 23040a is derived from isolate 95/1857a. However a living culture does not exist in BRIP (Plant pathology herbarium and culture collection, Queensland, Australia) where most of JL Alcorn's collections deposited (Pers. Comm. Roger Shivas). The species is generally found from a wide range of grasses including Cymbopogan, Digitaria, Eragrostidis, Oryza, Panicum, Penisetum, Rottboella, Saccharum, Sorghum, Sporobolus, Triticum and Zea as well as on dicotyledons and other substrata (Ellis 1966 , Sivanesan 1987 . Therefore, the species may have occurred on decaying wood from the riparian environment and can be termed a secondary invader on material in aquatic habitats. Tandon Colonies on PDA superficial, effuse, scattered, dark brown, powdery. Hyphae smooth, subhyaline, septate, branched. Conidiophores mononematous, macronematous, septate, simple or rarely branched, stright or curved, geniculate near the apex, pale brown, 7-10-septate, nodose, 126-202 μm (x=164 μm , SD=38 μm , n=10) long, 5-7 μm (x=6 μm, SD=1μm , n=10) wide. Conidiogenous cells terminal or intercalary, polytretic, sympodial, light brown, Conidia straight, ellipsoidal or curved, 3-distoseptate, rounded at both ends; with third cell larger than other cells, distinctly verruculose, 23-29μm (x=26 μm, SD=3 μm, n=45) long, 12-16 μm (x=14 μm, SD=2 μm, n=45) wide, pale to dark brown; occasionally apical and basal cells are paler than middle cells. Notes: Based on a megablast search of GenBank, the closest hits of the ITS sequences are Curvularia strain NF4 (GenBank KJ606685; Identities = 500/501(99%)), Curvularia verruculosa isolate UM 248 (GenBank JX966629; Identities = 500/501(99%)) and Cochliobolus verruculosus (GenBank HE861830; 500/501(99%)). The verruculose or rough conidia and the larger third cell are characteristic features of Curvularia verruculosa. Tsuda and Uyma (1982) obtained the sexual morph of this species pairing the compatible conidial strains. The sexual morph of C. verruculosa has filamentous ascospores that lie parallel or loosely coiled in the asci (Sivanesan 1987) . Tandon and Bilgrami (1962) did not designate a type specimen, however Ellis (1966) , designated a lectotype using one from the type collections to validate the name. One specific host is not indicated in any of the above publications, therefore this taxon is recognised as a species found from a wide range of hosts. The isolate of C. verruculosa (CBS 150.63 ) and the specimen (CBS H-11410), is presumed to be from a collection by K.S. Bilgrami, who co-authored the species, but is from a different host. It is designated as an epitype specimen. The species is reported from a wide range of poaceous hosts including Buchloe, Chloris, Oryza, Paspalum, Pennisetum, Punica, Sorghum, Triticum, Typha, Zea and many dicotyledonous hosts and other substrata in the tropics (Ellis 1966) . Therefore, this species may be introduced from the riparian environment as a secondary invader on decaying wood in to aquatic habitats. Colonies on PDA superficial, effuse, scattered, dark brown to black. Hyphae hyaline, septate, branched,. Conidiophores synnematous, macronematous, septate, unbranched or branched, erect, dark brown at the base, pale brown at fertile, flared apex, sometimes proliferating, 4-8-septate, 128-157 μm (x=142.5 µm, SD=14.5 µm, n=10) long and 6.5-8.5 (x=7.5 µm, SD=1 µm, n=10) wide. Conidiogenous cells monoblastic, terminal, integrated, elongated, pale brown, often separating from the conidium through a break or frill below the base of conidium. Conidia 4-septate, ellipsoidal to subglobose, dark brown, pale brown at apical and basal cells, with dark brown to black central cells, with a thick dark band on the central septum; smooth, rounded at apex, truncate at base, sometimes released with part of conidiogenous cell, 30-35 μm (x=32.5 µm, SD=2.5 µm, n=45) long and 16-19 (x=17.5 µm, SD=1.5 µm, n=45) wide, germinating from both end cells; conidial secession schizolytic.
Curvularia verruculosa
Material examined:-CHINA. Yunnan Province, Canshang Mountain, on decaying wood in a stream, August 2014, XiaoYing Liu 2LQXM 15-2(S-129), (HKAS 84013!), living culture, MFLUCC 15-0021.
Notes: Based on a megablast search of GenBank, the closest hits of the ITS sequences are uncultured fungus clone CMH233 (GenBank KF800324; Identities = 477/502 (95%)), fungal sp. mh2199.3 (GenBank GQ996144; Identities = 472/498(95%)) and Calluna vulgaris root associated fungus (GenBank FM172853; Identities = 473/500(95%)). There were previously no DNA sequence data available in GenBank for Phragmocephala species. The key morphological feature of Phragmocephala atra is the dark brown to black central cells, the conidial sizes are (30-35 x 15-18 µm) referring to the protologue and recent descriptions (Saccardo 1886; Mason & Hughes 1951; Taylor & Hyde 2003) . The fresh collection made from incubated wood is similar in morphology to that of the original description (Mason & Hughes 1951 ). Colonies superficial, scattered, glistening, dark brown. Mycelium partly immersed, composed of septate, dark brown, smooth hyphae. Conidiophores mononematous, macronematous, in fascicles, septate, unbranched, erect, dark brown at the base, pale brown at apex, 4-6-septate, 163.5-199.5 μm (x=181.5 µm, SD=18 µm, n=10) long and 4.5-6.5 μm (x=5.5 µm, SD=1 µm, n=10) wide. Conidiogenous cells monoblastic, light brown, terminal, integrated, elongated, pale brown. Conidia 28-35 (x=31.5 µm, SD=3.5 µm, n=45) long, 16.5-20.5 μm (x=18.5 µm, SD=2µm, n=45) wide, 5-6 septate, dark brown, paler at the apex and base, with dark brown middle cells; rounded at apex, truncate at base, ellipsoidal to subglobose; after release, the conidia bear part of the membranous conidiogenous cell; Conidial secession schizolytic. Notes: Based on a megablast search of GenBank, the closest hits of the ITS sequences are uncultured fungus clone CMH233 (GenBank KF800324; Identities = (473/502(94%)), Calluna vulgaris root associated fungus (GenBank FM172853; Identities = 469/499(94%)) and uncultured Pleosporales clone FM029.3 (GenBank JF691066; Identities = 467/498(94%)). The new species described here is morphologically distinct from the type species of the genus Phragmocephala elliptica (Berk. & Broome) S. Hughes. In P. elliptica the two central cells are the largest, and are dark brown to very dark brown, with a broad black band over the central septum; narrower dark bands are formed over the other septa. The two cells at each end of the conidium are smaller and pale brown to brown and conidia are (29-) 36-41 × 18-21.5 µm. Phragocephala garethjonesii can be distinguished from the P. elliptica by its characteristic pale brown single cell at both ends of the conidium. The conidia of type species, P. elliptica comprise 2 or more pale brown or hyaline cells in the type species. However, the ex-type cultures or sequence data of any of the known species of Phragmocepahla are not available. Based on the morphological and ecological distinctiveness, we therefore describe this freshwater species as a novel taxon.
Discussion
The lignicolous ascomycetes as well as their asexual morphs are commonly encountered on leaf and wood litter in freshwater and associated aquatic habitats (Shearer 1993 , Luo et al. 2004 . The genera of fungi associated with terrestrial vegetation have commonly been reported on wood and leaf litter collected in aquatic habitats as saprobes or secondary invaders (Gessner et al. 2007) . Freshwater hyphomycetes are generally adapted for effective dispersal having tetra radiate, branched or scolecoid conidia (Ingold 1942 , Read 1990 , Goh & Hyde 1996b , Gulis et al. 2005 . However, some of the fungal species found from aquatic habitats as opportunists are also able to effectively disseminate through water and reproduce when the right conditions are available (Göttlich et al. 2002 .
Species of Curvularia have been reported from freshwater habitats in different geographic locations worldwide (Shearer, 1972 . For instance Shearer et al. (1972) reported C. inaequalis and C. protuberata on balsa wood blocks from lotic Patuxent river in the USA and reported seven species of Curvularia from Lakes in Bhopal in India. There are 133 names of Curvularia available in Index Fungorum (2015), however molecular data are available for only about 65 species including ex-types, and authentic specimens (Manamgoda et al. 2012a , 2015 . Several species described as Bipolaris have recently been transferred to Curvularia (Manamgoda et al. 2012a , Tan et al. 2014 . In the present study, Curvularia, which are previously known from grasses and other poaceous hosts The identification of C. verruculosa is based on the comparison of authentic cultures and C. eragrostidis is identified based on the morphological characters supported with the authentic sequences available in GenBank. Epitypification of Curvularia eragrostidis is required in future studies. The ellipsoidal, barrel-shaped or curved conidia as well as the verrucose cell walls and production of conidial masses and the ability to grow on a wide range of dead hosts and in various conditions are typical characters of Curvularia. This may allow them to survive in aquatic environments as terrestrial-aquatic hyphomycetes. The species of Curvularia surviving in freshwater and soil also reported to show heavy metal tolerance in waste water systems (Iram et al. 2012) . The spores of some Curvularia surviving in freshwater may be the potential source of inoculum for the opportunistic pathogens infecting humans (Anaissie et al. 2003 , Prat 2006 .
Phragmocephala species are lignicolous hyphomycetes associated with various woody and herbaceous hosts in tropical and temperate regions (McKenzie et al. 1992 , Melnik et al. 1992 , Whitton et al. 2012 and as saprobes on tropical palms and pandanus (Taylor & Hyde 2003 , Whitton et al. 2012 . They have rarely been reported from freshwater (Révay & Gönczöl 1990 , Gönczöl & Révay 2003 , although Phragmocephala species have been found in water-filled tree holes (Gönczöl & Révay 2003) .The phylogenetic placement of the genus was prevviously undetermined. In this study, we first determined the relative phylogenetic placement the Phragmocephala in the family Melannomataceae, Pleosporales in Dothideomycetes. Compared to the known genera in the family Melannomataceae, the genus Phragmocephala is determined to be distinct. The asexual morph found in this study has yet to be linked to a sexual morph in Dothideomycetes.
